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ABSTRACT 

 
A study was conducted at Wheat Research Institute, AARI, Faisalabad, Pakistan 
during 2006-08. Combining ability variances and effects were estimated for 
important agronomic traits in bread wheat using line × tester mating design. 
Four high yielding lines/varieties HI666/PVN“S”, HUBARA”S”, Faisalabad-85 
and Faisalabad-83 as female (lines) and one recently released variety 
Faisalabad-08 and two high yielding genotypes PBW65 / ROER / 3 / PB6 // 
MIRLOW / BUC and PBW502 were used as male testers. Grain yield per plant, 
tillers per plant, spikelets per spike, 1000 grain weight, spike length, days to 50 
percent heading, days to 50 percent maturity and plant height were evaluated. 
Among lines, Faisalabad 83 and Faisalabad-85 were good general combiners 
for most of the agronomic traits including grain yield per plant. The tester 
PBW65 / ROER /3/ PB6 // MIRLOW / BUC followed by PBW502 was found good 
general combiner for grain yield and some other traits studied. Faisalabad-85  
PBW502 and Faisalabad-83  PBW65 / ROER /3/ PB6 // MIRLOW / BUC 
performed better for grain yield and most of other traits studied. GCA to SCA 
variances ratio revealed predominantly non-additive gene action for these 
traits. Development of new varieties with improved agronomic traits is, 
therefore, suggested through selection in late segregation generations of these 
crosses. 
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INTRODUCTION 
 
Bread wheat (Triticum aestivum L.)  is a major food crop in the world. In 
Pakistan during 2007-08 it was cultivated on 8493.9 thousand hectares with 
total production of 23520.0 thousand tons and average grain yield of 2769 kg 
per hectare (3) . However, geometrical increase in Pakistan population has 
been a challenge for agricultural scientists. To feed burgeoning population of 
Pakistan, there is a dire need to improve wheat genotypes having high yield 
potential. This could be achieved by exploring maximum genetic potential from 
available wheat germplasm.  
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Breeders should concentrate on development of productive wheat varieties by 
crossing good general combining lines for grain yield and selecting 
transgressive segregants from resulting hybrids. Kınacı (8) estimated that 
assessment on GCA effects for yield components has considerable importance 
in selecting parents for yield improvement. 
 
Information regarding general and specific combining ability and gene action 
in a breeding material is a prerequisite to launch an effective wheat-breeding 
program. Line×tester analysis is one of breeding strategies to evaluate 
combining ability effects of genotypes and also to provide information 
regarding genetic mechanisms controlling traits. Knowledge of general and 
specific combining abilities (GCA, SCA) influencing yield and its components 
has become increasingly important to plant breeders in the choice of suitable 
parents for developing potential hybrids in many crop plants (9).  Many 
researchers have studied the combining ability and genetic structure of bread 
wheat hybrid populations by using line x tester and diallel analysis methods 
related to yield and yield components. Some of these have observed that 
grain yield per plant and most of the traits were under control of non-additive 
gene effects (10, 16) while other research workers (1, 2, 6, 11, 13) report that 
majority of genetic variances of grain yield as well as yield components were 
under control of additive nature of genes. It has been further reported (2) that 
number of tillers per plant and spikelets per spike were controlled by additive 
type of gene action. In another study (13) breeding material was evaluated 
using combining ability for number of grains per spike, 100-grain weight and 
grain yield per plant in bread wheat. The magnitude of additive genetic 
variance was higher than non-additive variance for all traits studied.  
 
The present study was designed to find out good general combining lines, 
testers and crosses for various traits so that suitable crosses are marked in 
view of gene action for adopting suitable selection method to develop 
productive wheat varieties.  
 

MATERIALS AND METHODS 
 
This study was carried out at Wheat Research Institute, AARI, Faisalabad, 
Pakistan during 2006-2008 under normal conditions. Nineteen wheat 
genotypes (Table 1) developed during rabi season 2006-07 from crossing of 
four lines and three testers were sown on November 19, 2008 in a 2.5 meter 
row per entry in triplicate randomized complete block design. Spacing 
between plants and rows were kept as 15 and 30 cm, respectively. At 
maturity ten guarded plants were randomly selected from each plot and data 
were collected for grain per plant, number of tillers per plant, spike length, 
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number of spikelets per spike, 1000-grain weight and plant height. The data 
were statistically analyzed using method of Steel and Torrie (15). Data for the 
traits depicting significant difference were further analyzed for line×tester 
according to Singh and Chaudhry (14).  
 
Table 1. Breeding material studied for grain yield improvement. 
 
Sr. No Line/ tester and 

cross No. 
Parentage 

1 1×5 HI666/PVN ”S” PBW65/ROER/3/PB6//MIRLOW/BUC 
2 1×6 HI666/pvn “S” x Faisalabad-08 
3 1×7 HI666/PVN “S” X PBW502 
4 2×5 HUBARA “S”  PBW65/ROER/3/PB6//MIRLOW/BUC 
5 2×6 HUBARA ”S”  Faisalabad-08 
6 2×7 HUBARA ”S”  PBW502 
7 3×5 Faisalabad-85  PBW65/ROER/3/PB6//MIRLOW/BUC 
8 3×6 Faisalabad-85  Faisalabad-08 
9 3×7 Faisalabad-85  PBW502 
10 4×5 Faisalabad-83  PBW65/ROER/3/PB6//MIRLOW/BUC 
11 4×6 Faisalabad-83  Faisalabad-08 
12 4×7 Faisalabad-83 PBW502 
13 Line 1 HI666/PVN”S”  
14 Line 2 HUBARA”S”  
15 Line 3 Faisalabad-85  
16 Line 4 Faisalabad-83  
17 Tester 5 PBW65/ROER/3/PB6//MIRLOW/BUC 
18 Tester 6 Faisalabad-08  
19 Tester 7 PBW502 
 

RESULTS AND DISCUSSION 
 
Analysis of variance showed that genotypic differences were significant for all 
agronomic traits (Table 2). Estimates of variances due to specific combining 
ability (σ2sca) and general combining ability (σ2gca) and their ratio (σ2g / σ2 s) 
(Table 3) revealed that σ2sca was greater than σ2gca for all traits studied 
except days to 50 percent heading. This indicated a predominantly non-
additive gene action for these traits. Among female parents, Faisalabad-83 
was the best general combiner for all agronomic traits except for spikelets per 
spike and days to heading followed by Faisalabad-85 which was recorded as 
poor combiner for spikelets per spike, spike length and plant height (Table 4). 
Among testers, PBW65/ROER/3/PB6//MIRLOW/BUC was recorded as a 
good general combiner for number of tillers per plant and days to 50 percent 
heading. Another male parent, PBW502 was recorded as good general 
combiner for grain yield per plant, tillers per plant, days to 50 percent heading 
and plant height.  
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Table 5 exhibited that five crosses Faisalabad - 83 × PBW65 / ROER /3/ PB6 
// MIRLOW / BUC, HI666 / PVN ”S” × Faisalabad-08, HUBARA ”S” × 
Faisalabad - 08, Faisalabad - 85 × PBW502 and Faisalabad-83 × PBW502 
proved as good specific combiners for grain yield per plant and some other 
traits. Out of all crosses, Faisalabad-83 × PBW65 / ROER /3/ PB6 // MIRLOW 
/ BUC and Faisalabad - 85 × PBW502 had excellent harmonious combination 
of SCA effects for all traits including grain yield per plant. The crosses 
Faisalabad - 83  PBW65 / ROER /3/ PB6 // MIRLOW / BUC, HI666 / PVN 
“S”  Faisalabad - 08 and HUBARA ”S”  Faisalabad -08 were also recorded 
as good specific combiners for grain yield and some other traits including 
plant height. These crosses expected to yield transgressive segregants but 
with taller plants compared to their parents as these combinations had 
positive SCA effects for plant height. More plant height is not a desirable 
because taller plants may lodge with wind storm. Other crosses were 
worthless to explain because those were found as poor combiner especially 
for grain yield per plant. 
 
The proportional contributions of lines (female), testers (male) and their 
interactions (crosses) to total variance for different traits (Table 6) revealed 
that maximum contribution to total variance of grain yield per plant, spikelets 
per spike and plant height were made by female×male interaction while 
female lines contributed higher for tillers per plant, 1000-grain weight, days to 
50 percent heading and days to 50 percent maturity. 
 
The data (Table 2) further exhibited that genotypic and parental mean 
squares differences for all traits were significant at P = 0.01.except grain yield 
per plant which was significant only at 0.05 probability. Line × tester 
interaction in present study was significant at least at P = 0.01 for all traits 
except tillers per plant, spikelets per spike and spike length. The crosses 
were significant for all traits at least at P = 0.05 except tillers per plant. Lines 
were significant for all the traits at least at P = 0.05 except spikelets per spike 
whereas testers were significant for all traits at least at P = 0.05 except tillers 
per plant and days to 50 percent maturity. It indicated that genotypes, 
parents, crosses and parents×crosses, all lines and testers markedly differ in 
combining ability effects for grain yield and most of traits studied. 
 

Estimates of variance (σ2) due to GCA and SCA and their ratios (Table 3) 
revealed that GCA was lower than SCA for all traits studied. It indicated non-
additive type of gene action for the control of these traits. However, negative 
estimates of variances reveal sampling error which may not be expected 
generally (14).  
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For GCA effects of females and males (Table 3), two lines Faisalabad - 85, 
Faisalabad - 83” and tester PBW65 / ROER /3/ PB6 // MIRLOW / BUC proved 
as better general combiners for grain yield per plant and most of other traits, 
which are important components in grain yield improvement. These two 
parents also contributed a large number of favourable genes for high grain 
yield per plant and other related traits. Hence, two female parents, 
Faisalabad-85 and Faisalabad-83 could be used in future programs to 
improve grain yield. Among testers, PBW65 / ROER /3/ PB6 // MIRLOW / 
BUC appeared to be better general combiner for grain yield per plant and 
some other traits followed by PBW 502 which was good combiner for grain 
yield, days to 50 percent heading and plant height.  Parents Faisalabad - 85 
and “Faisalabad - 83 PBW65 / ROER /3/ PB6 // MIRLOW/BUC may be 
presumed to have a relatively large number of favourable alleles for these 
traits. Other two lines HI666 / PVN”S, HUBARA ”S” and a tester Faisalabad - 
08 were recorded as poor general combiner for grain yield per plant and 
many other traits studied. Therefore, these were not recommended for further 
breeding programme.  
 
SCA effects (Table 4) exhibited that five crosses Faisalabad - 83 × PBW65 / 
ROER / 3 / PB6 // MIRLOW / BUC, HI666 / PVN ”S” × Faisalabad - 08, 
HUBARA ’S’ × Faisalabad - 08, Faisalabad - 85 × PBW502 and Faisalabad - 
83×PBW502 were observed as good specific combiners for grain yield per 
plant and some other traits.   The crosses, Faisalabad - 83  PBW65 / ROER 
/3/ PB6 // MIRLOW / BUC, HI666 / PVN ”S”  Faisalabad - 08 and HUBARA 
”S”  Faisalabad - 08 were also recorded as good specific combiners for 
grain yield and some other traits including plant height and expected to yield 
transgressive segregants of more plant height compared to their parents. 
These combinations had positive SCA effects for plant height which is not a 
desirable trait as taller plants may lodge in wind storm. Other crosses had 
worthless to mention because these were found as poor combiner especially 
for grain yield per plant   
 
Better specific combining crosses might involved two good general combining 
parents viz; Faisalabad-83 × PBW65 / ROER /3/ PB6 // MIRLOW / BUC and 
Faisalabad - 85 × PBW502 .but this is not  a rule for all crosses. Some times 
two poor combiners may yield good specific combination due to epistatic 
gene action such as HI666 / PVN” S”  Faisalabad-08 and HUBARA ”S”  
Faisalabad-08. These crosses would not yield transgressive segregants in 
segregating generations Therefore, such crosses are not appreciably 
proceeded for further studies in self pollinated crops like wheat. However, 
such type of gene action may be exploited in cross-pollinated crops like 
maize or vegetatively propagating crops like sugarcane. There was maximum 
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contribution of crosses resulted from lines testers to total variance for grain 
yield per plant, spikelets per spike and plant height followed by contribution of 
female parents for grain yield per plant, tillers per plant, 1000 grain weight, 
spike length, days to 50 percent heading, days to 50 percent maturity and 
plant height.  
 

CONCLUSION 
 
Faisalabad - 83 × PBW65 / ROER /3/ PB6 // MIRLOW / BUC and Faisalabad 
- 85 × PBW502 were excellent harmonious combinations for SCA effects for 
all traits including grain yield per plant. It would yield transgressive 
segregants for grain yield per plant in late segregating generations. These 
crosses were poor combiners for plant height too. Poor combining ability for 
plant height is a desirable trait because poor combiners for plant height might 
yield dwarf plants in segregation.  Mass selection would be effective in late 
segregating generations in these crosses due to predominant non-additive 
gene action being operated for all traits. 
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